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To the Editor,
The diagnosis of myocardial injury/infarction (MI) mainly relies on a delta change in cardiac troponin. However, at least one value above the 99th upper percentile (99P) of cardiac troponin (cTn-99P) still remains, in 2018, a requirement to meet MI criteria [1] . Since its introduction for MI diagnosis in the 2000s, the cTn-99P has been widely debated. It increases in a nonlinear manner with age and with the worsening of the estimated glomerular filtration rate (eGFR), and it depends on sex and population selection [2, 3] . All these factors could potentially participate in an MI misdiagnosis [4] . Moreover, different statistical methods may impact the cTn-99P, and in particular the outlier removal process, which is critical as each extreme value directly affects cTn-99P [5] . Depending on the study, outliers are removed after visual inspection, the Tukey test, or log-or Box-Cox transformation, but in many cases detailed specifications about outlier removal are lacking.
The age-dependent relationship of high-sensitive cardiac troponin (hs-cTn) is nonlinear, and the right-skewed distribution of hs-cTn is generally asymmetric in such a manner that data transformation does not make it possible to reach distribution normality. Ten years ago, an adjusted boxplot method (adj-Box plot) was proposed for outlier detection from skewed distributions, which multiplies the interquartile range by a factor based on the medcouple, a measure of skewness [6] . Recently, a simple modified FreedmanDiaconis binning method (modif-FDB) was proposed for outlier removal, which does not require data transformation, considering values as outliers if disconnected from the main probability distribution [7] . To our knowledge, neither adj-Box plot nor modif-FDB methods have been used for hs-cTn-99P determination. The purpose of this study is to test whether different outlier removal methods impact the final 99P of high-sensitive cardiac troponin T (hs-cTnT), for three age groups.
To this end, we used the hs-cTnT data from our previous study, determined through an analytical imprecision-and partitioning-based approach [8] . Briefly, plasma hs-cTnT results from our Laboratory Information System (GLIMS ® software, MIPS-CliniSys, Chertsey, Surrey, UK), assayed on two Modular ® E170 (Roche, Mannheim, Germany), were collected over a 3.8-year period. Serial hs-cTnT concentrations from patients (aged 18-98 years) were selected when their variation, within 72 h and with at least 3 h between measures, was below or equal to the adjusted-analytical change limit. Patients with an eGFR < 60 mL/min/1.73 m 2 were excluded, resulting in 2707 hs-cTnT serial results (1159 women and 1548 men) assumed as "without acute myocardial infarction" a priori, and without renal dysfunction. These hs-cTnT results were classified into three age groups: 18-50 (n = 691), 51-70 (n = 1241) and 71-98 years (n = 775).
The present purpose was to remove the right-sided outliers from each age-specific hs-cTnT distribution, according to four methods: (1) Tukey test after base-10 logarithmic transformation (log-Tukey), in an intent to normalize data; (2) Tukey test after Box-Cox transformation (Box-CoxTukey), in an intent to normalize data; (3) adjusted Box plot method (adj-Box plot) based on the medcouple measure (MC), for removal of values outside the Q3 +(1.5*e 3MC *IQR), which corresponds to the skewness-adjusted upper whisker of the boxplot [6] ; and (4) modified Freedman-Diaconis binning method (modif-FDB), which detects outlier values located above a bin size h of the distribution histogram, for which the probability density function is null, and with h being calculated as 4*(Q3-median)/ 3 √n for a right-sided outlier detection [7] . After single, double and complete outlier removal, the 99th and 97.5th upper percentiles were calculated according to the CLSI EP28-A3 nonparametric method [9] . These percentiles were provided along with their 90% confidence intervals (CIs), defined by the rank of the lower limit nq −(1.645√(nq(1 − q))) and the rank of the upper limit 1 + nq +(1.645√(nq(1 − q))), wherein n is the sample size, and q is the quantile (i.e. 0.99 or 0.975 for the 99th or 97.5th percentile) [10] .
The log-Tukey and Box-Cox-Tukey methods for outlier detection, as well as the CLSI EP28-A3 nonparametric method for percentile determination were assessed using MedCalc ® software (version 14.8.1, Ostend, Belgium). The adj-Box plot method was assessed using the adjboxStats tool from the Robustbase package (version 0.93-3) on R software (version 3.5.1, R Foundation, Vienna, Austria). The Modif-FDB method was assessed using Excel ® 2013 software (Microsoft, Redmond, WA, USA). Within each age group, the proportions of hs-cTnT values above the 99 percentile (% > 99P) resulting from the four methods were compared using the Cochran's Q test (MedCalc ® software), after single, double and complete outlier removal. A test for pairwise comparison was performed when the Cochran's Q test resulted in a p-value < 0.05 [11] .
The outliers detected according to the four methods are depicted in Figure 1 (plots before outlier removal detailed in Supplementary Figure 1) . The proportions of removed outliers ranged from 3.5% for adj-Box plot (18-50 years, single removal step) to 17.1% for log-Tukey (18-50 years, complete removal) ( Table 1) . After the first outlier removal step, the hypothesis of % > 99P equality between detection methods was rejected for the three age groups (Cochran's Q test: p < 0.001 for all). After two outlier removal steps, the highest/lowest 99P ratio between methods varied from a factor of ~3.1 (36.4/11.9 ng/L; 18-50 years), to ~1.5 (43.0/28.1 ng/L; 51-70 years), to ~1.7 (88.8/53.0 ng/L; 71-98 years). For the three age groups, the Box-Cox-Tukey method led to the lowest percentiles, with all outliers removed after a single removal step. The % > 99P did not differ between the log-Tukey and modif-FDB methods, the latter requiring much fewer removal steps than the former. Overall, although slightly less marked than for the 99Ps, the variations between the 97.5Ps remained visually observable within each age group (Figure 1) , and the statistical differences from the pairwise comparison of proportions above 97.5P remained similar to those of proportions above 99P (Supplementary Table 1 ). The age-dependent hs-cTnT distributions are so skewed that neither log-nor Box-Cox-transformation allowed to reach normal distribution. The Box-Cox transformation checks for the smallest standard deviation, by searching for the optimal power parameter lambda (λ) [12] . Using a Box-Cox transformation with MedCalc ® , λ was negative for the three age-specific hs-cTnT distributions, with all values flagged as suspected outliers. We therefore applied the "reflect-and-transform" procedure [12] , which consists in reversing the distribution by making the data negative, then adding a shift constant "c" to all of them (c being the absolute value of the extreme outlier + 0.001, as done by MedCalc ® ), in order to anchor the data at 0.001 (λ becomes positive), thereafter applying the Box-Cox transformation, then reflecting again to detect the outliers. The present experiment shows that the more optimal the transformation is, the lower the percentiles are, while underlining the need for caution when using and interpreting data from a Box-Cox transformation. For the two oldest groups, the adj-Box plot method provided intermediate 99Ps, as compared to those obtained with the log-and Box-Cox-Tukey methods. However, for the youngest group, this method led to much higher percentiles, suggesting that it was sensitive to the numerous tied values as ~42% of hs-cTnT values of this group were equal to 3 ng/L, which is the limit of detection. Therefore, caution should be taken when using this medcouple-based method for skewed data with many tied values at the detection limit, at least until there is proof of no causal link. The modif-FDB method detected significantly less outliers than the Box-Cox-Tukey method, and provided age-specific 99Ps very similar to the log-Tukey method, which are close to those published elsewhere [2] . Given that the age-dependent hs-cTnT distribution cannot be normalized, the modif-FDB method appears as a relevant tool for outlier removal, especially as it requires much fewer outlier removal steps, while being very easy to use with Excel ® . To conclude, reinforcing the recent results from Hickman et al. [5] , this work shows that, applied to age-specific groups of hs-cTnT concentrations, different outlier removal methods may result in different upper percentiles, thus supporting the need for standardization.
